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ÅOverview from the 6th REM ςPrague

ÅThe COMPASS tokamak &dedicated diagnostics for RE

ÅEffects of the gas injection
ÅMGI triggered disruptions in the current ramp-up phase

ÅGas injection in the current plateau phase

ÅRE in perturbed magnetic fields at COMPASS
ÅResonant magnetic perturbation (RMP)

ÅCombined effects of RMP and gas injection

ÅFutureplans

Outline
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6th REM 2018

30. 7. 2018 3J Mlynaret al for 45th EPS Conferenceon Plasma Physics2018, Prague30. 7. 2018 3

COMPASS Upgrade
BT= 5 T
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6th REM 2018: Linnea HESSLOW

Effectof partiallyionizedimpuritiesand radiationontheeffectivecriticalfieldfor runaway
generation(hesslow@chalmers.se)
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Hesslowet al., PRL (2017); Hesslowet al. PPCF (2018)

ωAnalytical expression for effective critical field Ec
effςminimum 

field where force balance is possible

ωScreening (partially ionized collision operator), synchrotron 
& bremsstrahlungeffects included

ωAgreement with kinetic simulations

ωWeek dependence on ionic species 

ωWeakly ionized impurities: Ec
effҗ Ec

tot (total e- density = free 
& bound e-) >> Ec (Connor-Hastie formula)

ωEstimate of RE current decay rate

ωEremains close to Ec
eff

ωInfluenced by induced electric field )

ωHigher Ec
eff reduces the required amount of injected 

impurities



6th REM 2018: Gergely PAPP
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Model comparisons with MST1 data &Latest results from TCV (MST1 campaign) (ppg@ipp.mpg.de )
RE decayrate for QRE AUG & TCV beamswell
describedby screeningmodel [HesslowPRL 2017]
GO[PappNF 2013] modelling - AUG RE shots
Å Best match- at anassimilationrate< 30% (by the

end of the quench), lowersensitivity to penetration
speed

Å Temperaturedependence (or lackof) canonlybe
explainedif T dep of gasassimilationismodelled(-
> ASTRA)

CODE simulationsfor FTU (QRE) and AUG (disruptions)
Å FTU quiescentRE shotscanonlybedescribedif RE 

transport istakeninto account
Å Full-f CODE (with self-consistentE-field) wasrun for

a completeAUG CQ for the first time. On-axis RE 
current isoverpredicted-> investigationof the
effect of losses& argon interactionisongoing

Predisruptionseed is esssentiall-> scenario sensitive to ne

Å Basic control is excellent - [CarnevaleEPS 2018 + July 17 at 8:30]
Å New DMVinjects significantly more gas - possibility of extending

the dissipation scan, wider operational space
Å Plasma vertical position no longer affects 

assimilation/dissipation

Å RE beams up to 
k ~ 1.5, 
nonmonotonic 
dependence

Å Unlike AUG, 
no q95 = 3 
threshold 
observed for RE 
beam formation



6th REM 2018: Oliver LINDER

Self-consistent modelling of runaway electrongeneration in massive gas injection scenarios
(oliver.linder@ipp.mpg.de)
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ÅCoupling of transport solver ASTRA & impurity 
code STRAHL + equilibrium reconstructions -> 
self-consistent modelling of RE in MGI scenarios

ÅRE in ASTRA ςevolution of plasma quantities 
ÅRE sources fluid description
Å jREcoupled to evolution of electric field

ÅValidation against the GO code
ÅCurrent density flattening in MGI scenarios

ÅCold gas reached q = 2 -> formation of flat 
jp profile & drop in li & increase in Ip (spike)

Another transportcode METIS is coupled with FP solver LUKE
-> self-consistent calculations of plasma and RE beam 
parameters

E Macusovaet al., REM + 45thEPS, Prague, 2018



6th REM 2018: Alex TINGUELY & Mathias HOPPE

Using SOFT and CODE to study spatiotemporal dynamics of runaway electrons in AlcatorC-Mod
(rating@mit.edu)

ÅWide-angle camera (60fps, visible & NIR, distortion-corrected, background and HXR removed)
ÅSOFT + CODE (full momentum-space distribution function) ςimage build from q-surfaces  ςmost 

accurate in spatial features reproduction
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Å Effect of MHD (lock mode) on REς> 
ϥǘƘƛǊŘ ƭŜƎΨ ƛƴ {w ǇŀǘǘŜǊƴ-> Structures at 
rational  q?

Å First results with synchrotron polarization
(10 channel system)

Å SR & Bremsstrahlung ςdifferent part of the distribution function
Å Importance of geometric effects

Modeling the anisotropic radiation of 
runaway electrons: M. Hoppe (July 17 
at 10:30)

SOFT- real(istic) magnetic geometry

- drift and radiationconedeformationcorrections

Hoppe M. et al., NF 58026032 2018; Hoppe M. et al., NF 58082001 2018

TinguelyR. A. et al., NF 58 082001 2018



6th REM: Diego DEL-CASTILLO-NEGRETE & Chang LIU

Production rate of RE in dynamic scenarios: a 
probabilistic backward Monte Carlo method: 
D. del-Castillo-Negrete (July 16 at 16:10)

ÅBMC method ςpowerful tool (faster 
convergence; TRE, TLoss& production rate)
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Kinetic instabilities associated with runaway 
electrons:  C. Liu (July 17 at 11:40)

Self-consistent quasilinear simulation model (whistler 
and extraordinary electron waves included) - new
E/ECH threshold-> avalanche & losses

C. Liuet all., 
ArXiv:1801.01827 (2018)

A new expression of conservative magnetic moment 
of RE was introduced C. Liuet all., ArXiv:1804.01971(2018)

G. Zhang and D. del-Castillo-Negrete. Phys. Plasmas24, 092551 (2017)

Synchrotron radiationof relativisticRE

ÅSyntheticdiagnosticfor the KineticOrbit RunawayelectronsCode
(KORC)SR developedςcomputethe full-orbit relativisticdynamics
in the electricand magneticfields including radiation & collisions

D. del-Castillo-Negreteet al., Phys. Plasmas25, 056104 (2018)

A fluid-kinetic framework for RE simulation using the BMC
method presented

Å theory closer to 
experiment

Å prompt growth of 
ECE signal explained



6th REM 2018: Ruijie ZHOU & Yongkuan ZHANG

Recent Runaway Electron Investigationsin EAST Tokamak(rjzhou@ipp.ac.cn)

ÅRE diagnostics(High Energy HXR System: CdTe+NaI(Tl)+BGO: 0.5-9 MeV& 1ms time resolution; GammaRay
Spectroscopy: LaBr3(Ce), max. 1MHz; in developmentςfast IR camerassystem& Cherenkovprobe)

Å Up to 60% of the pre-disruptive plasma current-> to IREin the disruption whena seed of fast electrons exist

Å 1-D self-consistent model - evolution of radial profile of electric field and nRE(diffusion <-> induced electric field)
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Å½ of magnetic energy converted to RE kinetic energy during the 
disruption R.J.ZhouNF 57 1140022017

Å Analysis of synchrotron radiation (SR) spectra and pattern can 
supplement each other - large orbit shift of REs can result to an 
asymmetrical SR pattern

Synchrotron radiation intensity and energy of runaway electrons 
in EAST tokamak(ykzhang@ipp.ac.cn)
Å Energy of RE from drift orbit shift
Å SR intensity and energy of runaway electrons do not reach the 

maximum at the same time
Å SR compared with Pankratov'sanalytical 

formula/SOFT Pankratov, Plasma Phys. Rep. 22(1996) 535



6th REM 2018: Long Zeng & Yang Zhang

Dynamic evolution of runaway 
electron energy distribution 
during tokamak disruptions 
(zenglong@ipp.ac.cn)

Å0D model describing RE energy 
distribution developed

ÅNegative Uloop applied on the post-
disruption RE beam -> de-acceleration 
of REand decrease of their energy in 
the medium-energy range + oscillations 
of HXR signal (not ECE), SXR, Uloop and 
magnetics

ÅMGI into the post-disruption RE beam 
(He & H) -> Non-monotonous 
dependence of bremsstrahlung on the 
injected amount of gas; Ar & Ne ς
stronger RE losses 
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Statisticanalysisof disruptioninducedby verticaldisplacement
eventson EAST tokamak (zhangyang@ipp.ac.cn)

Å 60% of disruptions (Ip > 500kA) =VID (vertical instability disruption)

ÅTriggered or accompanied by the impurity accumulation, MHD mode, minor D, 
ELM, physical perturbation -> more flatten current profile ςreduced capability of 
control

Åenhanced halo current = enhanced electromagnetic force or uncontrollable loss of 
RE

Disruption prediction
function constructed -> linear 
Support Vector Machine 
method used with 2 variables 
(ɲZ, dln|ɲZ|/ dt) 
Å 93% of VID predicted 

successfully
Å 80 % VID detected 20 ms

aheadbefore disruption



6th REM 2018: Vinodh Kumar BANDARU

Runawayelectronfluid model in JOREK(vkb@ipp.mpg.de)
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Å RE fluid model implemented in to 
the 3D non-linear MHD code 
JOREK
Å RE separated fluid from 

plasma
Å RE generated during thermal 

quench 
Å RE effects the linear growth 

of resistive internal kink 
mode in circular plasma

Å ITER VDE simulations with RE
(V. K. Bandaru& F.J. Artola Such*)

ITER VDE with Runaways (axisymmetric)

Total current density

* Aix-Marseille Université, CNRS, Marseille, France

RE current density


